This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. 
. The spinal columns were resected en bloc under aseptic condition and lumbar intervertebral discs were tissues were treated with 0.1% collagenase for 3 hours. The partially digested tissue was maintained as an explant in complete culture medium (DMEM/F12 and 10% fetal bovine serum (FBS) supplemented with 2 at 37°C. NP cells migrated out of the explant solution and replanted into appropriate culture plates. Second-passage cells maintained in a monolayer were used throughout the experiments. All experimental procedures were approved by the Animal Care and Use Committee of our university, conformed to the institutional guidelines.
Cell viability assay
The viability of NP cells was determined by Cell Counting Kit-8 (CCK-8) assays according to the manufacturer's instructions. Cells (1×10 4 2 O 2 were added to the medium 2 incubator at 37°C. Finally, the absorbance of the sample taken from each well was measured on an automicroplate reader (Bio-Rad, Hercules, CA, USA) at 450nm. Cell viability was expressed as percentage of viable cells relative to untreated cells, using absorbance at 450nm. Apoptosis incidence was detected by using the Annexin V-FITC apoptosis detection kit. Cells were 2 O 2 for the time indicated. After treatments, the attached cells that remained were harvested (0.25% trypsin) and pooled and re-suspended in 1X Binding Buffer at a concentration of 1×10 6 cells/ml. 100ul of the solution (1×10 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry

Caspase-3, Caspase-8, and Caspase-9 activity detection
The activities of caspase-3, -8, and -9 were detected separately by using colorimetric activity assay kits. According to the instructions, cell samples were incubated in a lysis buffer containing 1% Dithiothreitol (DTT) on ice for 15 min and then centrifuged at 20,000rpm for 15 min to isolate proteins. The protein concentration was determined using Bradford protein assay. 200μg protein lysate from each sample was incubated with 5μL of caspase-3, or -8, or -9 substrate and 1% DTT in 96-well plates separately in 100μL of reaction buffer at 37°C, avoiding light for 4 h. The activities of caspase-3, -8, and -9 were evaluated using a spectrophotometer at 405 nm.
with H 2 O 2 NP cells were incubated at a density of 2×10 5 LC3 transfection was carried out with Lipofectamine 2000 according to the manufacturer's recommendation. 2mg/ml GFP-LC3 or GFP-vector plasmid DNA in each dish was used. After incubation in Opti-MEM medium for 6 hours, the cells were incubated in complete culture medium again for 24 hours. Then the transfected cells were treated with H 2 O 2
Western blotting analysis
Cell samples were lysed in RIPA buffer, sonicated, and protein concentrations were calculated by BCA protein assay kit. The extracted proteins were resolved on 12% sodium dodecyl sulfate-polyacrylamide CA). The membranes were blocked with blocking solution for 2 hours and then incubated overnight at 4°C with the primary antibodies to LC3, p62, Bax, Bcl-2, phospho-mTOR, Total-mTOR, phospho-p70S6K, Totalp70S6K, phospho-ERK1/2, Total-ERK1/2, phospho-JNK, Total-JNK, phospho-p38 and Total-p38. After being washed with Tris Buffered Saline with Tween (TBST) for three times, the membranes were incubated with the respective secondary antibodies. Then the bands were detected with ECL plus reagent (Millipore) by the ChemiDoc™ XRS+ System (BIO-RAD, USA). Relative expression levels of proteins were determined by quantitative densitometric analysis using image analysis software (Image lab, BIO-RAD, USA).
Integrity of lysosomal membrane was assayed in living cells by the acridine orange (AO) retention test and by Lyso-tracker Red staining as described elsewhere [ O 2 for different time periods (0.5, 1, 3, 6, 12, 24h), their viability was reduced to 97%, 94%, 85%, 79%, 71%, and 54% separately (Fig. 1A ). These results indicated that H 2 O 2 its dose and acting time.
Next, we evaluated the apoptosis response of the NP cells under oxidative stress. Colorimetric assay revealed that the activities of caspase-3, caspase-8 and caspase-9 in NP cells increased to 287%, 132% and 316% separately, when NP cells were treated with 40 2 O 2 boosted activities of both caspase-3 and caspase-9 in the NP cells (Fig. 1B) , along with the necrosis inhibitor) had no obvious effect on H 2 O 2 -induced cell death (Fig. 1C) . Apoptosis morphological evaluation by Hoechst 33258 staining showed that more apoptotic cells with 2 O 2 treatment (Fig. 1D ). Flow cytometric analysis by using Annexin V-FITC/PI stainning showed that the number of apoptotic cells with surface-associated annexin-V staining (early apoptosis plus late apoptosis) gradually increased with the prolonged time of H 2 O 2 treatment (Fig. 1E ). These results indicated that H 2 O 2 induced apoptotic cell death (not necrosis) in NP cells. (Fig. 1B) , we speculated that the mitochondrial pathway should be involved in the apoptosis of the NP cells under oxidative stress. NP cells were treated with 400uM H 2 O 2 for different time periods (0.5, 1, 3, 6, 12, 24h) and the mitochondrial membrane potential intensity in the NP cells decreased with the acting time of H 2 O 2 , in a manner corresponding to that of apoptosis incidence (Fig. 2B ). In addition, western blotting analysis showed that H 2 O 2 increased the release of cytoplasm cytochrome c, which is another mitochondrial event during apoptosis. The ratio of pro-apoptotic protein Bax/anti-apoptotic protein Bcl-2 was also increased in the NP cells with the acting time of H 2 O 2 , representing the dispersal of mitochondrial membrane potential, hence the mitochondria mediated apoptosis (Fig. 2C ). (Fig.  3A) . These results proved the presence of autophagy in the NP cells shortly after stimulation by H 2 O 2 .
Next, we measured the proteins levels of LC3 and p62 (markers of autophagy) in the NP cells. LC3 is the mammalian equivalent of yeast Atg8 and has two subtypes: LC3-I and LC3-II. Autophagosome formation is associated with the conversion of cytosolic-associated protein light chain 3 (LC3-I) into the membrane-bound LC3-II form Thus, detection of LC3-II can be used to estimate the abundance of autophagosomes. P62 is a substrate of autophagy which 
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Mitogen-activated protein kinases (MAPKs) are the family of kinases that transduce signals from the cell membrane to the nucleus in response to a wide range of stimuli, including oxidative stress [41, 42] . So we investigated whether the MAPKs system was involved in the autophagy induced by H 2 O 2 in NP cells. Western blotting analysis for the NP cells showed that the phosphorylation of all the three MAPK family members, including extracellular signalregulated kinase 1/2 (ERK1/2), c-Jun N-terminalkinase (JNK) and p38 MAPK, immediately (Fig. 4B ). These results suggested that H 2 O 2 induced autophagy mainly through ERK signaling pathway.
Mammalian target of rapamycin (mTOR) is the down-stream kinase of ERK, and inhibition of its phosphorylation (p-mTOR) is regarded as a key step in triggering autophagy. Western blotting analysis showed that the protein expression of p-mTOR was suppressed in the H 2 O 2 treated NP cells, in a manner corresponding to that of the autophagy. Similar changes were also found in the phosphorylation level of p70S6K at Thr389, which is a downstream effector of mTOR signaling (Fig. 4C ).
All these evidence proved that H 2 O 2 induced autophagy in NP cells through the activation of the ERK/m-TOR signaling pathway.
The crosstalk between autophagy and apoptosis is complicated, and varies in different cell types and different stimuli [43] . We found that autophagy in the NP cells activated and peaked within a very short time after H 2 O 2 treatment (Fig. 3A&B) , quite earlier than apoptosis (Fig. 1D&E) . To investigate the interplay between autophagy and apoptosis in the NP cells under oxidative stress, cells were pre-treated with 3-methyladenine (3MA, 5mM, an autophagy inhibitor), or BAF (100nM) Oxidative stress could lead to multiple types of cell damage, including DNA breaks, protein oxidation and carbonylation, lipid per-oxidation, mitochondrial failure, alterations of calcium homeostasis, actin reorganization, NAD depletion, impairment of the energy metabolism, and glutathione depletion [44] . It was recognized as an important cellular 45]. There were reports that H 2 O 2 induced cartilage destruction in vivo through increasing apoptosis of chondrocytes, and resulted in osteoarthritis ultimately [46, 47] . There were also reports that H 2 O 2 led to dysfunction and increased apoptosis of osteoblasts, thus contributed to the development of osteonecrosis [41, 48] . Although residing in a hypoxic environment and getting energy mainly through glycolysis, NP cells still generated ROS through oxidative metabolism, especially in aged or degenerated discs with neovascularization [34, 49] . The . Thus, we believed that the increased apoptosis of NP cells under oxidative stress should be involved in the pathogenesis of IVD degeneration.
Mitochondria are the major source and target of ROS [50] . When the formation of ROS is enhanced, it would impair the function of mitochondria, such as respiration and oxidative phosphorylation, mitochondrial permeability transition [51] . Then the mitochondria can commit cells to apoptosis by releasing cytochrome c, Smac/Diablo, AIF and activating procaspase-9 and -3 [52, 53] . There were reports that ROS mediated mitochondria-dependent apoptosis in various types of cells [31, 52, 54] . Singh et al. [54] and Luo et al. [52] reported that hydrogen peroxide induced apoptosis by mitochondrial death pathway in HeLa cells and rat Schwann's cells respectively. Our study also demonstrated that H 2 O 2 induced the downpathway was involved in the apoptosis in the NP cells under oxidative stress. In addition, we also observed increased LMP in the NP cells after H 2 O 2 stimulation. Lysosomes contain more than 50 acidic hydrolases, which take part in the degradation of all cellular elements. The mechanism of apoptosis induction by oxidative stress had been attributed to LMP in several studies, by releasing lysosomal enzymes into the cytosol, activating caspases and other toxic cascades [38, 45, 54] . Takahashi et al. [46] reported that lysosomal dysfunction with swelling and rupture was closely associated with the ROS formation that occurred after the addition of H 2 O 2 to osteoarthritic chondrocytes at the early period of apoptosis. Thus, we suggested that maintaining the integrity of lysosome and normal function of mitochondria might be crucial for the survival of NP cells. Meanwhile, recent studies reported that ROS could be produced not only in the mitochondria [55] [56] [57] . Roberto Mangiullo et al. [55 presence of a functionally active ecto-FoF1-ATP synthase (a mitochondrial inner membranebound enzyme) on the plasma membrane of normal tissue cells. Isabella Panfoli et al. [57] As a consequence, we speculated that the abnormal oxidative stress might also affect the Autophagy and apoptosis shared the same set of cellular regulatory proteins, and they could be induced by the same stimuli [58] . Cellular oxidative stress was recognized as an important stimulus to autophagy in many studies [59, 60] . Zhang et al. [30] reported that hydrogen peroxide indicated oxidative stress induced parallel autophagy and apoptosis in human glioma U251 Cells. Kong et al. [61] reported that Calyxin Y induces hydrogen peroxide-dependent autophagy in human non-small cell lung cancer NCI-H460 cells. Hence, our demonstration that autophagy in NP cells was induced by H 2 O 2 might not be surprising.
However, the interplay between autophagy and apoptosis is complex and controversial, depending on the types of cells and stresses [43] . Autophagy could either inhibit or delay the occurrence of apoptosis, or promote apoptosis, or induce autophagic cell death independent of apoptosis [62] . Wu et al. [63] indicated that autophagy prevented cells in starvation from undergoing apoptosis in Spodoptera litura SL-ZSU-1 cells. Wang et al. [64] stated that YM155, a novel survivin suppressant, induced autophagy-dependent apoptosis in prostate cancer cells, and inhibition of either early or late events of autophagy attenuated YM155-induced apoptosis. Chen et al. [33] reported that oxidative stress induced autophagic cell death independent of apoptosis in transformed and cancer cells. In our present study, inhibition of autophagy by 3MA, BAF or U0126 separately reduced the apoptosis incidence in the NP cells under oxidative stress, suggesting that autophagy was a necessary preceding event for apoptosis in the NP cells insulted by H 2 O 2 . This result was in accordance with the recent work by Lee et al. [65] who showed that astrocytic death induced by H 2 O 2 was accompanied by increased LMP and that autophagy inhibitors (3MA, BAF) attenuated the disruption of LMP and cell death in astrocytes. Castino et al. [15] also showed that down-regulation of autophagy via 3MA-mediated inhibition of PI3k III prevented apoptosis and necrosis by oxidative stress in dopaminergic neuroblastoma cells. Thus, we suggested that control and regulation of autophagy activity might be an effective strategy to reduce the apoptosis of NP cells under oxidative stress and to prevent the degeneration of IVD. 
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Furthermore, our present study indicated that H 2 O 2 induced autophagy in NP cells through the ERK/m-TOR signaling pathway. ERK is a widely conserved family of serine/ threonine protein kinases implicated in many cellular programs such as cell proliferation, differentiation, and apoptosis [66] . It can be activated by a wide variety of oncogenes and extra-cellular stimuli including mitogens, growth factors, cytokines and ROS [67] . An increasing number of studies have suggested that ERK is implicated in the regulation of autophagy. Sivaprasad et al. [68] indicated that inhibition of ERK in MCF-7 cells resulted in decreased autophagy in response to TNF. Wong et al. [28] reported that ROS-dependent ERK induced non-canonical autophagy in cancer cells. As the down-stream kinase of ERK, the inhibition of p-mTOR has consistently been associated with induction of autophagy [69] . Our results showed that H 2 O 2 treatment inactivated mTOR and reduced phosphorylation of its downstream target p70S6K, corresponding to the variation of autophagy indicated that H 2 O 2 induced autophagy through mTOR-dependent mechanisms in NP cells. Thus, ERK/m-TOR signaling pathway might be a target to control the autophagy and apoptosis level in the NP cells under oxidative stress.
Conclusions
Our study revealed that H 2 O 2 induced autophagy through the ERK/m-TOR signaling pathway and apoptosis through the mitochondrial pathway in the NP cells. Inhibition of ERK-dependent autophagy reduced the mitochondria-mediated apoptosis in the NP cells under oxidative stress. These data should be helpful to improve our understanding of the cell death mechanism of NP cells under oxidative stress, and the intricate relationship between autophagy and apoptosis. Modulating the autophagy in the disc cells under oxidative stress might be a new therapeutic direction to reduce the apoptosis of the cells and prevent IVD degeneration.
